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Abstract
A two-level layout optimization strategy is proposed in this paper for large-scale composite wing structures. Design require-
ments are adjusted at the system level according to structural deformation, while the layout is optimized at the subsystem level to 
satisfy the constraints from system level. The approaching degrees of various failure critical loads in wing panels are employed
to gauge the structure’s carrying efficiency. By optimizing the efficiency as an objective, the continuity of the problem could be 
guaranteed. Stiffened wing panels are modeled by the equivalent orthotropic plates, and the global buckling load is predicted by
energy method. The nonlinear effect of stringers’ support elasticity on skin local buckle resistance is investigated and approxi-
mated by neural network (NN) surrogate model. These failure predictions are based on analytical solutions, which could effec-
tively save calculation resources. Finally, the integral optimization of a large-scale wing structure is completed as an example.
The result fulfills design requirements and shows the feasibility of this method. 
Keywords: composite wing structure; layout optimization; carrying efficiency; buckling; equivalent stiffness; energy method; 
surrogate model  
1. Introduction1
Airframe layout is usually determined in preliminary 
design phase, and could significantly affect the final 
weight of the structure. Dimension optimization based 
on a specific configuration is widely used for structural 
design and has been integrated in much commercial 
software. In contrast, automatic layout optimization 
methods might not be so mature, and is still under in-
vestigation. Topological optimization algorithms are 
widely discussed for layout design [1]. The basic idea is 
to simulate structural layout by the distribution of ma-
terial densities. These density variables are element- 
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based, and need huge amount of calculation, therefore, 
they are mainly utilized to design the shape of a single 
component , rather than an entire structure system. [2]
Other investigations focus on non-gradient algorithms 
to determine the optimized position of structural com-
ponent. Generally, changing structural configuration 
could significantly affect load transmission within the 
structure, and many optimization algorithms dependent 
on gradient information could become less effective [3].
Therefore, non-gradient algorithms like genetic algo-
rithm, colony algorithm, et al. are employed to search 
for global optima [4 -5]. Since these methods require a 
lot of iterations, surrogate model is employed to pro-
vide simplified mathematical approximation of com-
putationally expensive analysis code. Wu, et al. [6] pro-
posed an optimization method of composite grid-sti- 
ffened cylinder using Kriging approximation model. 
Hansen, et al. [7] proposed a two-level optimization 
strategy for a blended wing body aircraft based on 
analytical methods. Hu, et al.  completed the mul-[8]Open access under CC BY-NC-ND license.
· 426 · ZHAO Qun et al. / Chinese Journal of Aeronautics 24(2011) 425-433 No.4 
tidisciplinary optimization for a flying-wing configu-
ration by combing various surrogate models of aero-
dynamic, mechanical and stealthy features, without 
considering appropriate buckling constraints, and they 
did not optimize the rib configuration.  
Large-scale airliners usually employ semi-rigid shell 
airframes, and the percentage of composites is in-
creasing. Since stiffened panels are main components 
in this type of structure, intervals of ribs and stringers 
become major wing layout parameters. As the main 
features of thin wall structure, compressive buckling 
modes on wing panels are of great concern. Skin in-
stabilities should be avoided for aerodynamic and 
stiffness requirements [9]. Generally, buckling mode 
might transform according to different structural lay-
out, and subsequently impair the continuity of the op-
timization model, meanwhile, there could be tens of 
ribs in the wing of a large transport aircraft, and the 
stringers are densely arranged, which introduces a 
large number of design variables. Although a surrogate 
model could be applied for simplification, the robust-
ness and accuracy of the approximation need to be 
investigated when dealing with such a complex prob-
lem [10]. In order to optimize the rib layout effectively, 
a structural efficiency parameter is proposed as an op-
timization objective, which is gauged by the ap-
proaching degrees of various failure critical loads of 
the wing panels. These panels are simplified by the 
equivalent orthotropic plates, and their global buckling 
load is induced by the energy method. The nonlinear 
effect of stringers’ support elasticity on the skin is in-
vestigated in this paper, and it is approximated based 
on neural network (NN) surrogate model. This surro-
gate model represents the relationship between struc-
tural stiffness and the buckle resistance of a composite 
skin, which could be employed as a general prediction 
of skin local buckling loads. Through a two-level op-
timization strategy based on the above analytical 
methods, the layout design problem is effectively sim-
plified, which could be processed by gradient-based 
algorithms with reasonable computational cost. Opti- 
mization modules in this paper are coded in Patran 
command language (PCL) program, which is conven-
ient to be integrated in PATRAN software. Finally, the 
layout optimization of a large-scale wing structure is 
processed as an example. The problem converges rap-
idly, and the result satisfies the design requirements, 
which demonstrates the feasibility of this method.  
2. Optimization Strategy 
2.1. Structural efficiency 
The ribs provide support for wing panels, and their 
configuration could affect the global buckling of the 
panels. Meanwhile, the stringer improves buckle re-
sistance by increasing the bending stiffness of the 
panel. However, if they are not appropriately arranged, 
local buckling on the skin might occur before the wing 
panel reaches its global buckling critical load. There-
fore, the rib distances and stringer intervals should be 
adjusted to construct an optimized matching relation-
ship. Usually, buckling loads are employed as con-
straints, however, instability mode might transform 
according to the layout, and the gradient information 
might become ineffective. Former researches [11] de- 
monstrated that the continuity of the problem could be 
guaranteed by analyzing various buckling modes in 
separate mathematical models, where each model is 
used for a single failure mode. Through gauging 
structural efficiency by the approaching degree of dif-
ferent critical loads, instability constraints could be 
satisfied automatically when maximum efficiency is 
obtained. A dimensionless failure coefficient is em-
ployed to represent the ratio between critical load of a 
specific failure mode and the current load applied to 
the structure. Suppose el, eg and es are actual failure 
coefficients of local buckling, global buckling and  
static strength respectively, and elp, egp and esp are 
corresponding coefficients that the structure is required 
to achieve. Firstly the constraints el>elp, eg>egp and 
es>esp should be satisfied, under this premise, the 
approaching degree of these failure modes could be 
induced by 
2 2 2
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where ef is always a positive. The more it is closed to 
zero, the higher structural efficiency could be 
achieved.  
Actually, coupling problems might occur if different 
instability modes appear simultaneously, which would 
significantly weaken the structure’s carrying capabil-
ity. However, the basic idea of structural efficiency is 
still effective if the various failure coefficients are con-
strained not to fully coincide with each other. These 
constraints are usually reasonable in engineering prob-
lems, e.g., local buckling load should be slightly 
higher than global buckling load, and instability be-
havior should not appear before the applied force 
reaches a certain percentage of the design load. There-
fore, there is always a configuration that puts various 
failure modes close enough to each other, and maxi-
mizes structural efficiency under specific constraints.  
2.2. Two-level optimization process 
Stiffened wing panels are carved up by transverse 
ribs, therefore the layout of ribs could be determined 
by optimizing the length of each panel, which mainly 
affects global buckle resistance. Given stiffness coeffi-
cients, the global buckling critical load of an anisot-
ropic plate could be solved by energy method. Based 
on this idea, wing panels are converted into equivalent 
orthotropic plates that simulate their mechanical fea-
tures by global stiffness parameters. Both static 
strength and global buckle resistance could be pre-
dicted using these equivalent models. Considering the 
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effects of anisotropy and stringer support, local buck-
ling on composite skin is too complex to be accurately 
analyzed purely based on empirical formulas, therefore 
a surrogate model is proposed to represent the rela-
tionship between structural parameters and local buck-
ling load.  
The two-level optimization strategy is shown in 
Fig. 1. Failure coefficient requirements are adjusted in 
system level, while the structure is optimized in sub-
system level to achieve a maximum efficiency under 
the designated constraints. In the subsystem level, a 
parametric modeling program is employed to provide 
static analysis according to current layout, which could 
extract in-plane loads on each wing panel. Then these 
equivalent panels are optimized to increase their effi-
ciencies. In this process, layout parameters are con-
verted into continuous stiffness and global dimensions 
of these panels. Since the predictions of failure coeffi-
cients are based on analytical methods, the panel opti-
mization does not rely on finite element (FE) model, 
which could not be an expensive running. Finally, op-
timized results are transformed back into layout pa-
rameters to adjust the positions of components. Rib 
distance is determined by the length of each wing 
panel. According to the current result, if the position of 
Fig. 1  Wing structure layout optimization strategy. 
an outer rib exceeds the wing span, this rib would be 
eliminated. On the contrary, if the last outer rib cannot 
reach the wing tip, a new rib should be added to the 
structure. This adjustment causes redistribution of load 
acted on the wing box, therefore a new circulation is 
needed to update panel loads for another iteration, un-
til the convergence criterion is satisfied.  
When subsystem optimization is completed, the de-
flection of the sized structure is compared with target 
limit. If the constraint is violated, the structural stiff-
ness is needed to be increased. Usually, the stiffness 
reaches higher levels under more strict strength re-
quirements, therefore this improvement could be 
achieved by updating the static strength failure coeffi-
cient by the violated percentage, which would be em-
ployed as new constraint criteria in the subsystem. For 
example, if the wing tip deflection limit is 1 m, while 
the actual deflection is 1.2 m, then the limit is violated 
by 20%. Therefore, the current failure coefficient is 
multiplied by 1.2 for next iteration. If the next circula-
tion overshoots the requirement, then the target coeffi-
cient is scaled by this updated amount again, until the 
deflection constraint is finally satisfied.  
The two-level system is coded into a nested loop 
mode. Since FE model is only utilized for static analy-
sis once in every circulation, and wing panel optimiza-
tion is mainly based on approximated mathematical 
models, the whole process would not consume many 
computational resources. The following example 
demonstrates that this strategy could converge in a few 
iterations. The approximation model of different fail-
ure modes will be depicted in the following sections. 
3. Preliminary Static Strength Prediction 
There are complex strength criteria about composite 
laminates. For preliminary layout design, only main 
global features are considered in this paper. Aerody-
namic load causes bending and twist deformation on 
wing structure, which induces compressive/tensile and 
shearing loads in wing panels. The main strength 
standards of composite wing panel are allowable com-
pressive and shearing strains. The failure criterion un-
der combined load is represented by a correlation for-
mula[12]:
2 1x xyR R d                (2) 
where Rx and Rxy are the ratios between actual load and 
allowable load in pure compressive and shearing cases 
respectively. The relationship of this equation could be 
depicted in Fig. 2. A point corresponding to the current 
load condition should be inside the area surrounded by 
the correlation curve and coordinate axis lines. For 
static load case, actual compressive and shearing 
strains could be solved out if in-plane loads and 
equivalent stiffness of the wing panel are provided. 
Then point M could be obtained by Rx and Rxy, and the 
static failure coefficient could be predicted by the pro-
portion of segment ON to OM .
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Fig. 2  Failure prediction based on correlation formula.
4. Global Buckling Analysis Based on Energy 
Method
Simplifying the stiffened wing panel with equivalent 
plates not only decreases the scale of FE model, but 
also guarantees the continuity of the problem. Without 
the complex shapes of stringers, equivalent panel 
could efficiently simulate global buckling modes, and 
avoid mode transformation, which could provide ef-
fective gradient information for optimization algo-
rithms. 
4.1. Equivalent stiffness of stiffened panel 
The stiffness of equivalent panel could be described 
by the superposition of skin’s stiffness and stringers’ 
stiffness. The stiffness matrix of skin Ksk could be ex-
pressed by classical lamination theory as 
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where Ask, Bsk and Dsk are in-plane, coupling and 
bending stiffness coefficient matrices of skin respec-
tively. Fig. 3 gives the sketch map of a stiffened panel. 
Based on homogenization idea [13-14], the load/defor- 
mation relationship on a stringer could be described as 
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where Nstr and Mstr are axial compressive load and 
bending moment along the stringer in unit width of the 
panel, while Hx and Nx are compressive strain and cur-
vature in x-direction. In order to achieve this function 
by a programmed routine, the stringer is divided into a 
series of plates to calculate stiffness separately, and n
represents the number of these plates. ǻzi (i=1, 2, …, n)
is the distance between the stiffness center axis of the 
panel and mid-surface of plate No.i. ti, di and Esi are 
the thickness, width and axial elastic module of the 
plate respectively; b is the distance between adjacent 
stringers, and zc the distance from the mid-surface of 
skin to the stiffness center axis of the panel. 
Fig. 3  Design parameters of stiffened panel. 
For all strigers on the panel, the load-deformation 
relationship in Eq. (4) could be simplified into the ma-
trix form: 
str str str
str strstr
x
x
H
N
ª º ª ºª º « » « »« »« »« » « »¬ ¼¬ ¼ ¬ ¼
N A B
B DM
         (5) 
where Astr, Bstr and Dstr are in-plane, coupling and 
bending stiffness coefficient matrices of a stringer. 
Thus the equivalent matrix of the entire panel could 
be obtained by assembling the stiffness matrixes of 
skin and stringers: 
sk str sk str
eq
sk str sk str
 ª º « » « »¬ ¼
A A B B
K B B D D         (6) 
The stringer’s main contribution on global me-
chanical character comes from its axial compression 
and bending stiffness. Its transverse stiffness is not 
crucial, and could be neglected. By modifying the 
stiffness parameters, the equivalent method could 
simulate stiffened panels with various layouts and 
shapes.
4.2. Buckling load prediction of orthotropic panel 
Rayleigh-Ritz energy method is proved to be effec-
tive in analyzing global buckling load of orthotropic 
plates [15]. According to its principle, the total potential 
energy should be a minimum to make equilibrium sta-
ble, and the corresponding forces are critical buckling 
loads. Aerodynamic load generates bending and twist 
moments on the wing box structure, and causes upper 
wing panels to bear in-plane compression and shearing 
loads. Based on this load case, edges of the stiffened 
panel are assumed to be simply supported and carrying 
combined in-plane uniform loads including axial com-
pressive Nx and shearing Nxy. The potential energy V
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introduced by external forces and the bending strain 
energy stored in the panel, U, could be described by 
these formulas respectively [16]:
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where Le represents the length of the panel along the 
stringer direction, We the width perpendicular to the 
stringer, ijD  the bending stiffness, and w the trans-
verse deflection of the panel.  
For a simply supported boundary condition, the dis-
placement field could be given by 
1 1 e e
sin sinmn
m n
m x n yw C
L W
f f
  
§ ·S S ¨ ¸© ¹¦¦        (8) 
where m and n represent the number of half wave in 
the direction of Le and We respectively. Substitute 
Eq. (8) into Eq. (7), and the total potential energy 
3 =U+V could be a function of the equivalent panel’s 
stiffness coefficients and the unknown displacement 
field coefficient Cmn. By finding the first derivative of 
the total potential energy with respect to the unknown 
constants and making it equal to zero, the minimum 
potential energy could be obtained. 
/ 0mnC3w w                (9) 
This could be a system of linear equations with re-
spect to Cmn, and result in an eigenvalue problem. 
Theoretically there are m×n solutions of the equation, 
from which the minimum value corresponds to the 
critical buckling load of the equivalent panel.  
5. General Surrogate Model of Skin Local Buckle 
Resistance
Stringers are usually cemented or co-cured with skin 
in composite panels, and the skin among two adjacent 
stringers might be under a boundary case between 
simply and clamped support. Considering the advan-
tage of numerical computation, buckling critical load 
of composite skin could be approximated by surrogate 
model. However, in most cases, these models are only 
mathematical mappings of sample points without con-
sidering the internal mechanism of responses. In this 
paper, the effect of stringer support elasticity is con-
sidered as the enhancement on simply supported skin, 
and a modified empirical formula of critical buckling 
load is proposed combined with surrogate model. This 
method could be a general prediction of the local 
buckling load on skin with elastic support boundaries. 
5.1. Effect of support elasticity on skin local buckle 
resistance 
Local buckle of skin is usually shown as the fluctua-
tion between two adjacent stringers, and its half 
wave-length depends on the interval of these stringers. 
For an ideal orthotropic laminated plate with infinite 
length, the critical axial compressive buckling loads 
are usually described as these empirical formulas: 
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where Ns and Nc are critical loads under simply and 
clamped support boundary cases respectively. Dij is 
bending stiffness of the skin. It could be noticed that 
buckle resistance of skin is mainly dependent on its 
bending rigidity as well as the interval of stringers, 
while the effect of boundary support is depicted by 
terms in the brackets. Without considering the contri-
bution of stingers, this effect is related to the skin’s 
degree of anisotropy and coupling relationship be-
tween different stiffness represented by D and E. Since 
a stringer could improve support elasticity, a strengthen 
factor F is proposed to represent the enhancement ef-
fect. The buckling load of an elastic supported skin 
could be depicted as 
s c s( )xN N N N F    
2
22
2
2
[(1.26 0.225 ) ]
D F
b
D E D ES        (11) 
The lower and upper limits of F are 0 and 1, which 
represent a simply and clamped supported skin respec-
tively. If given the stiffness parameters, local buckling 
critical load could be predicted by Eq. (11). The value 
of F is dependent on the matching relationship be-
tween stiffness of stringer and skin. Generally, string-
ers provide a finite amount of torsional rigidity, and 
could be represented as de Saint Venant torsion 
bars [17]. This could be a satisfied approximation if the 
stringers do not distort or buckle before the local skin 
buckling, which is usually verified in typical aeronau-
tical panels. Since composite skins are usually ce-
mented or co-cured with stringers, the stringers’ tor-
sion stiffness could be considered as the main contri-
bution on buckle resistance of the skin. Dimensionless 
· 430 · ZHAO Qun et al. / Chinese Journal of Aeronautics 24(2011) 425-433 No.4 
parameter Tstr/(D66b) is employed to represent the con-
tribution of supporting elasticity, in which Tstr is the 
torsion stiffness of the stringer. Maintaining specific 
values of D and E, the stiffness parameters of skin and 
stringers are chosen randomly in specific ranges. The 
skin is modeled using anisotropic plate, and local 
buckling loads are calculated in PATRAN/NASTRAN 
environment by PCL parametric programs.  
The effect of stringer’s support stiffness could be 
demonstrated in Fig. 4. As stringers get stronger, the 
enhancement effect increases from the value of a sim-
ply supported boundary to a clamped boundary, and is 
nonlinearly relevant to the support stiffness parameter 
Tstr/(D66b). These random points show an obvious 
regularity, and demonstrate the effect of boundary 
supported elasticity on the local buckle resistance of a 
composite skin. 
Fig. 4  Effect of supported elasticity on local buckle resis-
tance and different results of approximation models. 
5.2. Neural network surrogate model of skin local 
buckle resistance 
The artificial neural network is usually used to ap-
proximate nonlinear relationships. A neural network 
could be trained to establish a required trend by ad-
justing connecting weights and bias values between its 
logical neurons. Hecht-Nielsen had theoretically proved 
that a three-layer feed-forward network could ap-
proximate an arbitrary continuous function by choos-
ing transfer function appropriately and adjusting the 
number of neurons in hidden layer according to re-
quirements [18]. Levenberg-Marquardt backpropagation 
training algorithm is usually used to update the weight 
and bias values according to fitting errors, and higher 
accuracy could be achieved by increasing the neuron 
number. In this problem, 4 neurons are defined for 
input and hidden layer, and log-sigmoid function, 
f (x)=1/(1+exp(x)), is chosen as transfer function to 
fit the nonlinear curve of strengthen factor F. Neural 
network toolbox of MATLAB is employed for training 
the network, and the fitting curve is shown in Fig. 4. 
For comparison, the approximation of polynomial re-
sponse surface is also provided, and the statistical data 
of fitting result is shown in Table 1, where RMSE is 
the root mean square error, and R2 represents the 
goodness of fit. R2 is described as the approaching 
degree of fitted value to the sample value, and the 
more it is closed to 1, the better effect of the approxi- 
mation. It could be seen that neural network could 
provide satisfied accuracy when fitting the relationship 
between strengthen factor and supported elasticity, 
while polynomial response surface has difficulties fol-
lowing this nonlinear trend. Although the higher order 
response surface increases the accuracy, it still could 
not match the accuracy of neural network. 
Table 1  Statistical data of approximation models 
Response surface RMSE R2
Neural network 0.005 33 0.999 15 
2nd polynomial 0.064 83 0.884 94 
3rd polynomial 0.034 27 0.967 16 
Local shear buckling load could be depicted in the 
similar way. Given the applied load on the structure, 
the local buckling factor could also be determined by 
correlation formula in Fig. 2. The surrogate model is 
based on dimensionless stiffness parameters, and for a 
predefined stacking sequence, D and E are constants, 
which are independent of the skin thickness. Therefore  
the model could be employed as a general description 
for skin local instability with respect to various thick-
nesses and stringer intervals, which are the main de-
sign parameters of stiffened panel configuration. 
6. Verification 
As an example, the wing structure layout of a cer-
tain large transport aircraft is optimized. Leading and 
trailing edge are not considered in this paper(see 
Fig. 5). The main design variables are the distances 
between adjacent ribs Li, the intervals of stringers bi, as 
well as the thickness of skins tski. Since the structural 
stiffness might vary along the chord direction, stringer 
intervals in front and rear half of the wing panel are 
optimized separately, which are defined as b1 and b2.
Carbon fiber T300 is applied to wing panels. Wing 
span is defined as 17 m, and the maximum takeoff 
weight is supposed to be 62 000 kg. The structure is 
required to withstand 2.5g overloading without any 
strength or buckle failure, meanwhile, wing tip deflect- 
Fig. 5  Layout parameters of wing structure. 
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tion should not surpass 10% of the wing span. Under 
the maximum loads, strains of carbon fiber should not 
exceed the allowable limit of the material, which is 
4 000 PH of axial strain and 7 600PH of shearing 
strain.
Ribs are perpendicular to the rear spar of the outer 
wing. Two initial conditions are compared, Structure 1 
is strong enough with 31 ribs and Structure 2 is a weak 
configuration with only 14 ribs. Layouts of the ribs 
and stringers, as well as the thickness of skins are op-
timized. These parameters are considered to be most 
effective on structural weight. A stringer should run 
through the entire wing span, and a uniform result of 
stringer interval is needed on different wing panels. 
Therefore every panel uses the same interval variables, 
which is b1 for front half, and b2 for rear half of the 
panel. The initialized failure coefficients are set to 1.2, 
and the local buckling critical load is constrained 
higher than global buckling load. The objective is to 
increase structural efficiency and reduce weight. The 
optimization processes of wing panels are based on the 
sequential quadratic method, which is integrated in 
SOL200 procedure of general software NASTRAN;  
the entire two-level system is coded using PCL pro-
gram, which could be integrated into PATRAN soft-
ware as a secondary development module. Optimiza-
tion result is shown in Table 2. 
Table 2  Optimization results of different initial models 
Result 
Parameter 
Structure 1 Structure 2 
Total iteration number 17 26 
Optimized rib number 17 17 
Optimized weight/kg 1 247 1 271 
Wing tip deflection/mm 1 697 1 692 
Static failure coefficient 1.57 1.59 
Buckling factor 1.39 1.38 
b1/mm 193.42 185.27 
b2/mm 210.43 204.12 
Iteration number shows that this method gets con-
verged rapidly, and the result is insensitive to initial 
layout. The optimized configurations and structural 
parameters for different initial structures are basically 
in accordance with each other, which demonstrates a 
satisfied global optimization capability of this method. 
Buckling factor in Table 2 represents the proportion of 
buckling critical load to the current applied load. It 
could be seen that the buckling factors are larger than 
the initial value of 1.2, which satisfies the design re-
quirement. The static failure coefficient has a similar 
meaning representing strength of the structure. Al-
though the structure is within its static strength range 
in initial circulations, deflection of wing tip exceeds 
the upper bound of 1.7 m. Since the structural stiffness 
could be improved under a more strict strength con-
straint, the static failure coefficient grows higher dur-
ing the process to reduce the wing deflection. The 
front part of the wing section has larger effective 
height according to the shape of airfoil, therefore wing 
panels carry more loads, and the stringers are more 
densely arranged in these areas to resist local buckle 
on the skin. The layout changing in the structures is 
demonstrated in Fig. 6.  
Fig. 6  Rib layout optimization results. 
Panels at wing tip do not bear heavy loads, and are 
not considered in optimizing. Strengthen ribs are rep-
resented by solid lines in Fig. 6, whose positions are 
fixed. The other ribs are for optimization. The method 
in this paper could not only determine whether to add 
or eliminate ribs, but also adjust their positions to 
reach higher structure efficiency. Since the load is 
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heavier on the inner wing and lighter at outboard, the 
distances between ribs are getting larger from wing 
root to tip. This feature corresponds to the ordinary 
loading character of wing structures. In order to verify 
the accuracy of equivalent model, a checking FE 
model is built according to the result of Structure 1, 
which simulates all stringers by shell elements. This 
detailed model could also verify if the optimized 
stringer layout avoids local buckle on skin. The 
checking model needs much more calculation re-
sources but provides more direct and accurate predic-
tion, which could be considered as the standard. Static 
and buckling deformations of the detailed model are 
demonstrated in Fig. 7.  
Fig. 7  Static and buckling deformations of optimized lay-
out of Structure 1. 
It could be seen from Fig. 7(b) that global buckling 
deformation becomes the main instability mode on the 
wing panels. The test model avoids local buckling be-
tween stringers, and verifies the feasibility of the local 
buckling surrogate model. The connective area be-
tween inner and outer wing carries relative heavy 
loads, while it does not have enough effective height 
as large as the wing root, therefore the maximum 
buckling deformation occurs in this area. In spite of 
this, the buckling factor is still higher than 1.0, which 
means that the structure would not buckle under design 
load, and demonstrates the validity of the simplified 
model in this paper.  
Wing tip deflection of the detailed model is 1.79 m, 
which is slightly larger than the prediction of opti-
mized result, showing that the detailed model has a 
weaker stiffness than equivalent model. Similarly, 
buckling factor of the checking result is also lower 
than equivalent model. Since wing panel is not stan-
dard square shape, and is also supported on elastic 
boundaries, the analysis results of detailed model can-
not be exactly the same with optimization model based 
on simplified methods, while the accuracy is still in an 
acceptable range. According to the data from Fig. 7, 
the relative error of equivalent model in buckling 
analysis is (1.391.31)/1.31×100%|6.1%, which de- 
monstrates that the method in this paper could effec-
tively process wing structure layout optimization con-
sidering buckling constraints, and provide satisfied 
accuracy for engineering. 
7. Conclusions 
(1) The approaching degree of various failure criti-
cal loads could be employed as a quantitative standard 
of structural carrying efficiency, which could be opti-
mized as an objective. The continuity of the problem 
could be guaranteed by this method, and the design 
process could be achieved using gradient based algo-
rithms, which is more convenient to be integrated in 
general analysis codes. 
(2) By adjusting failure factor constraints in system 
level, and optimizing structural efficiency in the sub-
system level, the layout optimization of composite 
wing structure could be processed effectively. Since 
the main mechanical analysis is based on approxima-
tion models, this two-level optimization system does 
not require much calculation resources. 
(3) The global mechanical features of a composite 
stiffened panel could be simulated by equivalent stiff-
ness method, and its global buckling critical load could 
be predicted using energy method with satisfied accu-
racy. 
(4) The stringer in a composite wing panel could be 
simplified as elastic support for the skin, and increase 
the skin local buckle resistance into a level between 
simply and clamped support boundaries. Compared 
with polynomial response surfaces, neural network 
surrogate model provides more accurate approximation 
for fitting this nonlinear relationship. 
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